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TECHNICAL NOTE
A colorimeter for measurement of picomole quantities of urea
GERALD G. VUREK and MARK A. KNEPPER
Laboratories of Technical Development and Kidney and Electrolyte Metabolism, National Heart, Lung, and Blood Institute, National
Institutes of Health, Bethesda, Maryland
In the following manuscript, we describe a new instrument
designed for the colorimetric determination of urea content in
nanoliter volume fluid samples obtained by renal micropuncture
or in vitro microperfusion techniques. The diacetyl monoxime
reaction is used to form a colored product from urea. The
diacetyl monoxime method was previously used by Marsh,
Frasier, and Decter [1] for measurement of urea in tubular fluid
samples from micropuncture. They employed a special adaptor
for a Beckman DU spectrophotometer to gain sensitivity. The
sensitivity obtained in this manner allowed determination of
urea content in samples from medullary nephron segments
where urea concentrations are relatively high. However, the
sensitivity is inadequate for measurements of urea in nanoliter
volume samples with lower urea concentrations (1 to 10 mM)
such as those obtained from the proximal tubule. The instru-
ment described here improves the sensitivity allowing differ-
ences of 10 pmoles to be resolved between samples containing 0
to 225 pmoles urea.
The colorimeter, schematically illustrated in Figure 1, is an
outgrowth of an earlier apparatus used for continuous-flow
measurement of calcium, magnesium, and phosphate [2, 31.The
urea instrument uses a fixed one-piece cuvet made from a 0.3
mm I.D. quartz capillary. The optical path of this cuvet is 1.1
cm and has an approximate working volume of 800 nI. The inlet
tube extends 2.3 cm beyond the first bend to facilitate sample
loading. The procedure for making the cuvet is illustrated in
Figure 2. The cuvet is held in a split aluminum block. Black felt
and a paste of carbon black and immersion oil surround the
cuvet to absorb light, which enters the walls of the capillary,
and prevent it from reaching the photo sensor. The light source
is a small prefocused incandescent lamp (Type 253-X lens-end
lamp) operated from a stabilized DC power source through a
resistor. The resistor matches the impedance of the lamp, and
the lamp, therefore, operates at essentially constant power.
This partially compensates for the changes in light output as the
lamp ages which would occur with constant voltage or constant
current operation. A phototransistor (United Detector Technol-
ogy, Type FPT—l00), operated as a photovoltaic diode, is the
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detector. The photosignal is amplified by a factor of 3 x 108 y/
A. A set of three filters (Eastman Kodak Wratten No. 65 and
No. 12; Corning Glass Works No. CS-4-76) isolates the analyti-
cal wavelength of 525 nm. The peak transmittance is 6% and the
half-band width is 22 nm.
Urea is measured by reacting it with diacetyl monoxime in
the presence of thiosemicarbizide and ferric chloride in sulfuric
acid. The reagents are available as a urea nitrogen measuring kit
(product no. 47950, Pierce Chemical Co., Rockford, Illinois).
The working reagent is prepared by mixing equal volumes of the
two reagents supplied in the kit. The "color reagent" contains
2.5 glliter diacetyl monoxime and 100 mg/liter thiosemicarbi-
zide. The "acid reagent" contains 185 mg/liter FeC! 6 H20, 88
glliter sulfuric acid, and a "stabilizer". Using a syringe pipet
(Drummond Scientific Co., Broomall, Pennsylvania, catalog
no. 105) 5-il aliquots of the working reagent are loaded into
clean glass tubes. These tubes are 100 p.l capillaries (Microcaps,
Drummond) cleaned with a chromic-sulfuric acid cleaning solu-
tion, rinsed with demineralized water, and dried with a stream
of argon gas. The end of the tube distant from the reagent is
sealed with a small gas flame. The tube is mounted for sample
loading in an apparatus similar to that described previously for
the ultramicro determination of inulin [4]. Using a calibrated
constriction pipet, nanoliter volume samples or standards are
injected into the reagent. The tube is centrifuged to drive the
sample to the sealed end and the opposite end is sealed with a
flame. The tubes are then heated to 1000 C in a heater block for
13 mm and cooled. They are cut open a few millimeters above
the reagent; the contents of each are, in turn, aspirated into the
microcolorimeter with a syringe attached to the opposite end of
the cuvet. The voltage output of the instrument is read on a
digital voltmeter. After each measurement, the cuvet is emp-
tied, rinsed with water and acetone, and air dried. Using a
nonlinear least squares method, voltage output data from the
standards are used to estimate the parameters of an equation in
the form:
V a + b exp(kC)
where, V = voltage output (my); C = urea concentration (mM);
a, b, k = parameters. The urea concentration in the unknowns
is then estimated from this equation.
Figure 3 shows a standard curve obtained over the range 0 to
450 pmoles of urea. The slope of the curve decreases from 0.73
mv/pmole at zero pmoles of urea to 0.20 mv/pmole at 450
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Fig. 1. Diagram of colorimeter. Details are
explained in the text.
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Fig. 2. Construction of quartz capillary cuvet. The cuvet was fabricated
using essentially standard glassworking techniques aided by a 20x
stereo dissecting microscope and a miniature methane/oxygen torch.
The final product has two 90-degree bends constructed as follows: The
capillary is sealed at one end and connected to a 10 ml glass syringe at
the other to allow the intraluminal pressure to be increased. Beginning
with the capillary horizontal, the initial bend is made by heating a small
section of the capillary while maintaining gentle pressure to keep the
lumen open. An additional small amount of quartz is melted onto the
bend to thicken the wall (A). The quartz is then softened with the flame
and a bubble is blown at the bend (B). Finally, the portion of the bubble
that is to be in the light path is flattened by local application of heat and
gradual reduction of intraluminal pressure (C). 0 100 200 300
400 500
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Fig.3. Calibration curve for urea. Each point shows the mean SD for
five determinations. A 45 nI constriction pipet was used. Parameters for
the calibration equation in the text, obtained by nonlinear least squares
regression analysis, are: a, 19.6 my; b, 148.1 my; k, —0.197 mvC'. The
correlation coefficient was 0.999, and the mean square of the residual
was 6.7 my2. Forty-six percent of the sum of the squares of the residual
was due to lack of fit.
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pmoles of urea. The resolution of the method calculated at each
point as 2(sD)/slope is less than 10 pmoles of urea over the range
0 to 225 pmoles. The relationship between the logarithm of the
voltage output of the device and the urea concentration is
slightly nonlinear. This may be due to an imperfect match
between the transmission spectrum of the filter system and the
absorption spectrum of the reaction product. The resulting
background signal accounts for only a small percentage of the
total signal.
Aside from the sensitivity and reproducibility obtained with
this measurement system, an additional advantage is that
samples can be completely recovered for radioisotope counting
or other analyses. To recover radioisotope, we washed the
cuvet six to eight times with 0.1 M acetic acid and deposited the
wash fluid into a scintillation vial. Using this approach, recov-
ery of 14-C-carboxy-inulin (New England Nuclear, Boston,
Massachusetts) from the instrument was 100.2 0.8(sD) per-
cent (N 5) of values obtained by pipeting samples directly
into the scintillation medium.
The colorimeter described here increases the sensitivity of
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the diacetyl monoxime method to a level similar to that of the
enzymatic-fluorometric methods of Roch-Ramel [5] and Ro-
man, Bonventre, and Lechene [61. These techniques involve
conversion of the urea in the sample to ammonia by urease. A
fluorogenic product is obtained from ammonia either by cou-
pling ammonia formation to NAD formation by glutamic dehy-
drogenase [5] or by direct reaction of the ammonia with
phthalaldehyde and mercaptoethanol [61. The NAD produced in
the former case must be treated with either strong alkali or
ketones to yield a fluorescent product. Although the sensitivity
of these two methods is comparable to ours, our method
requires fewer sample manipulations and therefore may yield
greater reproducibility with routine use. Another ultramicro
urea method [7] also uses urease to form ammonia. The
ammonia is measured spectrophotometrically after a reaction
with phenol in the presence of hypochlorite and nitroprusside.
This method is somewhat less sensitive than that reported here
and is technically more complex.
The diacetyl monoxime method is generally quite specific.
However, nonurea compounds which undergo a color-forming
reaction with diacetyl monoxime have been described in the
urine [5]. For this reason, we recommend that the specificity be
tested in the experimental system under study by subjecting
fluid samples to urease prior to urea measurement.
Summary. We described a new colorimeter for the measure-
ment of picomole quantities of urea in nanoliter volume fluid
samples. The diacetyl monoxime reaction was used to produce
a colored product from urea. The method is capable of resolving
differences of 10 pmoles between samples containing 0 to 225
pmoles.
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